General Methods for Compound Characterization.
Optical rotations were measured at 20-25 °C with a Rudolph Research AUTOPOL ® III polarimeter.
1 H and 13 C spectra were recorded on a Varian Unity Inova NMR spectrometer operating at 300 MHz and 75 MHz respectively or a Bruker DRX 500 operating at 500 MHz and 125 MHz respectively, and referenced to the solvent used (δ 7.27 and 77.00 for CDCl 3 ; δ 3.31 ppm and 49.15 ppm for CD 3 OD; δ 4.80 for D 2 O). The purity of the products was assessed using TLC on silica gel 60 F 254 with ethanolic p-anisaldehyde. Chromatographic separations were performed using silica gel (32-63 D).
Synthesis and Characterization of L-Sucrose (1) and Intermediates.
L-Fructose was prepared in multigram quantities from L-sorbose using the protocol reported by Zhao and Shi, 1 and converted into α-thioethyl fructofuranoside 3 by adapting previously reported methods developed with the natural enantiomer 2 (Scheme S1). Scheme S1. Synthesis of L-fructofuranoside donor 3. (a) BzCl (4.5 eq), pyridine (5 eq), CHCl 3 , 0 °C to RT (90%). (b) (i) HBr gas, benzene, RT; (ii) BnOH (5 eq), ZnO (5 eq), RT (60% over two steps). (c) KOH (15 eq), BnBr (10 eq), toluene, reflux (90%). (d) (i) EtSH (10 eq), TMSOTf (0.1 eq), CH 2 Cl 2 , RT; (ii) 0.1 M NaOMe in MeOH (70%).
1,3,4,6-Tetra-O-benzoyl-L-fructofuranose 5.
L-Fructose (1.0 g, 5.7 mmol) was dissolved in freshly distilled pyridine (20 mL) at 0 °C. Freshly distilled benzoyl chloride (3.5 mL, 28 mmol) was then added in a dropwise fashion. The reaction mixture was stirred at 20 °C for 4 h and quenched with saturated aqueous NaHCO 3 , extracted with EtOAc, dried with Na 2 SO 4 , and concentrated. Silica gel chromatography using a 9:1 to 4:1 hexanes−EtOAc gradient yielded compound 5 as a colorless oil (2.5 g, 80% 66, 166.30, 165.81, 165.00, 133.72, 133.64, 133.44, 133.13, 130.07, 129.91, 129.79, 129.23, 129.09, 128.92, 128.72, 128.56, 128.47, 128.39, 104.61, 81.36, 81.05, 78.63, 65.02, 63.81 Org. Chem. 1998 , 63, 1780 -1784 S-2 1,4,6-Tri-O-benzoyl-2,3-O-[1-(benzyloxy)benzylidene]-β-L-fructofuranoside 6. A solution of tetra-O-benzoylfructofuranose 5 (5 g, 8.4 mmol) in dry benzene (100 mL) was cooled to 0 °C and saturated with HBr gas. The solution was warmed to RT and stirred for 1 h, and the excess HBr was then driven off with a dry air stream to yield a solution of the corresponding 2-bromofructofuranoside. The reaction mixture was treated with benzyl alcohol (12 mL, 40 mmol) and ZnO (3 g, 40 mmol) in dry benzene (15 mL), stirred for 15 h at RT, then filtered through Celite and concentrated to dryness. The crude product was recrystallized in MeOH (15 mL) to yield product 6 as a white solid (3.3 g, 60% yield 61, 166.24, 165.75, 138.96, 138.39, 138.27, 138.06, 129.61, 128.52, 128.50, 128.46, 128.07, 128.02, 128.00, 127.92, 127.85, 127.82, 127.71, 111.98, 110.91, 95.01, 82.31, 79.90, 76.80, 75.85, 75.19, 73.61, 73.03, 70.48, 68.94, 68.60 A solution of tribenzoate ester 6 (1.6 g, 2.33 mmol) in toluene (20 mL) was treated with solid KOH (2 g, 35.6 mmol) and stirred for 5 min. Benzyl bromide (7.5 mL, 25 mmol) was added, and the mixture was heated to reflux for 5 h, then cooled to RT and diluted with CH 2 Cl 2 . The reaction mixture was washed with water, then dried, concentrated and purified by silica gel chromatography to yield tribenzyl ether 7 as a colorless oil (1.3 g, 90% yield 46, 138.39, 138.27, 138.06, 129.61, 128.52, 128.50, 128.46, 128.07, 128.02, 128.00, 127.92, 127.85, 127.82, 127.71, 114.98, 85.31, 84.70, 83.20, 73.61, 73.03, 72.18, 71.51, 70.84, 70.11, 65.60 Ethyl 1,4,6-tri-O-benzyl-2-thio-α-L-fructofuranoside 3. A solution of 2,3-orthobenzoate 7 (1.0 g, 1.6 mmol) in CH 2 Cl 2 (50 mL) was treated with ethanethiol (12 mL, 160 mmol) and activated 4A MS (100 mg). The reaction mixture was stirred under argon for 30 min at RT, treated with TMSOTf (30 μL, 0.16 mmol) and stirred for an additional 5 min, then quenched with Et 3 N (1 mL). The reaction mixture was filtered through Celite, concentrated, and purified by silica gel chromatography to yield 3-O-benzoyl-2-thioethylfructofuranosides as a 6:1 α:β mixture (0.9 g). These compounds were dissolved in MeOH (10 mL) and treated with NaOMe (0.1 M in MeOH, 5 mL), then stirred at RT for 15 h. The reaction mixture was passed through a Dowex-50 ion exchange resin, concentrated, and purified by silica gel chromatography to yield 2-thioethyl-α-fructofuranoside 3 as the major product (0.54 g, 70% yield over two steps) and the β-fructofuranoside as the minor product (77 mg, 10% yield). 13 C NMR (300 MHz, CDCl 3 ) δ 138. 09, 137.95, 137.76, 129.51, 128.42, 128.30, 128.16, 128.07, 128.02, 127.92, 127.85, 127.82, 127.71, 95.01, 84.31, 80.95, 80.10, 73.85, 73.19, 73.01, 72.23, 71.28, 21.14, 14.60 
1,2,3,4,6-Penta-O-acetyl-L-glucopyranoside 8.
A solution of L-glucose (1.0 g, 5.7 mmol) in pyridine (10 mL) was treated with acetic anhydride (4 mL) and stirred at RT for 15 h. The reaction mixture was diluted with EtOAc (50 mL) and washed with aqueous NaHCO 3 and H 2 O. The organic layer was dried over Na 2 SO 4 and purified by silica gel chromatography (10% EtOAc in hexanes) to yield pentaacetate 8 as a colorless oil (1.9 g, 95%). 170.22, 170.08, 169.66, 169.41, 169.24, 168.96, 168.76, 91.72, 89.08, 72.74, 70.27, 69.84, 69.23, 67.91, 67.80, 61.84, 20.82, 20.71, 20.57, 20.46 Ethyl 2,3,4,6-tetra-O-acetyl-1-thio-β-L-glucopyranoside 9. Pentaacetate 8 (1.0 g, 2.6 mmol) was dissolved in freshly distilled CH 2 Cl 2 (20 mL), followed by the dropwise addition of a BF 3 -Et 2 O solution (2 mL) at 0 °C. The reaction mixture was treated with ethanethiol (0.7 mL, 10 mmol) and stirred at 0 o C for 6 h, then quenched with saturated aqueous NaHCO 3 and extracted with CH 2 Cl 2 . The organic layer was dried over Na 2 SO 4 and purified by silica gel chromatography using a 9:1 to 4:1 hexanes−EtOAc gradient yielded thioethyl β-Lglucopyranoside 9 as a colorless oil (0.7 g, 60%). Ethyl 2,3,4,6-tetra-O-benzyl-1-thio-β-L-glucopyranoside 10. A solution of tetraacetate 9 (0.7 g, 2.4 mmol) in MeOH (10 mL) was treated with NaOMe (0.1 M in MeOH, 1 mL) and stirred at RT for 15 h. The reaction mixture was then passed through Dowex-50 ion-exchange resin and concentrated to yield the corresponding tetraol (0.3 g). The crude intermediate was dissolved in anyhydrous DMF (5 mL), then treated with NaH (250 mg, 100 mmol) and BnBr (3 mL, 24 S-4 mmol) at 0 o C. The reaction mixture was warmed to RT and stirred for 15 h, then quenched with H 2 O, diluted with EtOAc, and washed with water and brine. The organic layer was dried over Na 2 SO 4 and purified by silica gel chromatography (10% EtOAc in hexanes) to produce tetrabenzyl glucopyranoside 10 as a colorless oil (0.75 g, 85% 138.33, 138.16, 128.47, 128.41, 128.05, 127.82, 86.75, 85.12, 81.86, 79.19, 78.10, 75.82, 75.57, 75.12. 73.52, 69.23, 25.06, 15.26 3,4,5-Trimethoxybenzyl 2,3,4,6-tetra-O-benzyl-α-L-glucopyranoside 2b. Thioethyl β-Lglucopyranoside 10 (1.3 g, 2.2 mmol) was mixed with 3,4,5-trimethoxybenzyl alcohol (0.5 mL, 3.3 mmol) and activated 4A molecular sieves in CH 2 Cl 2 (10 mL), then treated with MeOTf (1.0 mL, 3.3 mmol) at 0 °C. The reaction mixture was warmed to RT and stirred for 16 h, then diluted with EtOAc and filtered through Celite. The filtrate was washed with aqueous NaHCO 3 , dried over Na 2 SO 4 , and purified by silica gel chromatography (15% EtOAc in hexanes) to yield α-glucopyranoside 2b as a colorless oil (0.8 g, 60% 32, 138.89, 138.35, 138.24, 138.02, 137.79, 132.79, 128.44, 127.94, 127.80, 105.76, 95.31, 82.25, 79.84, 77.87, 75.80, 75.12, 73.61, 73.07, 70.55, 69.17, 68.66, 60.92, 56.17 
Synthesis of L-sucrose:
A mixture of DDQ (330 mg, 1.44 mmol) and 4A molecular sieves in CH 2 Cl 2 (4 mL) at 0 °C was treated with a solution of 2b (760 mg, 1.12 mmol) and 3 (400 mg, 0.80 mmol) in CH 2 Cl 2 (4 mL). The mixture was warmed to RT and stirred for 6 h, then quenched with an aqueous solution of 0.7% ascorbic acid, 1.3% citric acid, and 0.9% NaOH (12 mL). The reaction mixture, which formed a yellow suspension upon standing, was diluted with EtOAc (50 mL) and filtered through Celite prior to aqueous workup. The crude acetal was concentrated to a brown oil, dried by azeotropic distillation with toluene and placed under high vacuum for 1 h, then dissolved in anhydrous CH 2 Cl 2 (10 mL) and transferred to a flask containing DTBMP (920 mg, 4.4 mmol) and 4A molecular sieves (200 mg). The mixture was stirred for 15 min at RT, treated with DMTST (88 mg, 4.0 mmol), then stirred for 16 h. The mixture was diluted with EtOAc (50 mL) and filtered through Celite prior to aqueous workup and silica gel chromatography (10% EtOAc in hexanes), which yielded heptabenzyl L-sucrose 4 as a light yellow oil (520 mg, 41% 47, 138.32, 138.21, 138.07, 128.61, 128.27, 128.16, 128.07, 123.91, 91.55, 84.81, 81.97, 80.26, 77.90, 75.91, 75.20, 73.72, 73.49, 70.57, 64.14, 58.83 1 H and 13 C NMR spectra for compounds 1−4 are included at the end of this document.
Enzyme Activity and Kinetics.
Invertase from bakers' yeast (135 kd, 41 units/mg) was obtained from Sigma-Aldrich, and purified using a DEAE-Sephadex column (2.5 × 25 cm, Pharmacia) according to a published procedure. 5 5 g of invertase was dissolved in 40 mL of a Tris buffer solution (10 mM Tris-HCl, 150 mM NaCl, 1 mM EDTA, 1 mM PMSF) and loaded onto the pre-equilibrated column at 4 °C. Bound protein was eluted using a linear NaCl gradient (0.1-0.5 M; 120 mL total). Fractions containing invertase were lyophilized separately; the resulting off-white solids could be combined and resuspended in deionized water, centrifuged for 30 min at 6,000 rpm, then recovered and lyophilized again to yield approximately 1 g of purified invertase. The purity of the invertase was confirmed by SDS-PAGE analysis and comparison with Ref. 5 ( Figure S1 ). Figure S1 . SDS-PAGE analysis of yeast invertase, before and after chromatographic purification.
S-6
Invertase activities were measured using a microscale version of the dinitrosalicylate (DNS) assay for reducing sugars.
6 Invertase kinetics were also assayed by the glucose oxidase method, and found to yield essentially identical results. Reagents for the DNS assay were prepared by first dissolving 5 g of 3,5-dinitrosalicylic acid in 100 mL of a 2 M NaOH solution, then combining this solution with 250 mL of a 60% sodium potassium tartrate solution and additional deionized water for a total volume of 500 mL. A calibration plot was developed using 0, 1, 4, 8, 16, 24, 32 , and 40-μL aliquots of a sugar solution containing 1 M D-glucose and 1 M D-fructose. Each sample was diluted to 80 μL, then mixed with 1000 μL DNS reagent. Covered samples were placed in a boiling water bath for 5 min, followed by rapid cooling to RT. Sugar concentrations were correlated by their absorbances at 540 nm, after a twofold dilution. 3) Generic osmotic effect on invertase activity (Figures 2a, 3a) : The same measurements were repeated for D-trehalose and D-lactose (negative control). In the case of glycerol, reactions were performed at equivalent solute wt% rather than at equivalent concentrations (cf. Assay 5). All measurements run in triplicate. In order to determine an accurate substrate inhibition for Figure 5 , the osmotic effect of sugar concentration on k cat and K M (Table S1 ) was first fit to empirical log functions (Figure 4) . We note that these fits are not based on preexisting correlations; further studies are needed to establish quantitative relationships between k cat , K M , and solute concentration. The Log[S]-dependent k cat and K M values determined in Figure 4 were then applied toward the determination of K' S with correction for osmotic effects, using a modified form of Eq. 1: a b Figure S2 . Lineweaver-Burk plots showing the effect of (a) dextran (40 kd) and (b) PEG (5 kd) on invertase activity, at low D-sucrose concentrations (10−60 mM).
(•) 0 mg/mL; (○) 27 mg/mL; (▲) 96 mg/mL; (∆) 164 mg/mL; (♦) 232 mg/mL; (◊) 300 mg/mL. 
